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%
Abstract: Carbon pricing, such as a carbon tax, is an invisible hand that leads to the construction of a
sustainable low-carbon society, and precise analysis of the impact of carbon pricing on each sector of
the economy is indispensable for its design. In this study, an equilibrium price model based on the
2015 input-output table was used for the analysis of next-generation energy systems (2015 IONGES)
and the effect of the introduction of a carbon tax on the price of the industrial sector was assessed.
Based on the existing energy-related tax system in Japan, the introduction of a carbon tax is regarded
as an increase in the tax for global-warming countermeasures (TGWC) in the petroleum and coal tax
(PCT). While existing energy-related taxes are designed to place a relatively heavy burden on the
transportation sector, tax reform of the petroleum and coal tax has a relatively large effect on raising
prices in energy-conversion and energy-intensive sectors. As a result, the reform of the energy-related
tax may promote the introduction of energy-saving technology and decarbonization technology, both
in the transportation sector and in a wider range of sectors, and may work to correct the unfairness of
the tax burden between sectors.

Keywords: carbon tax; equilibrium price model; input-output table; fairness of tax burden

1. Introduction

According to Arimura and Matsumoto [1], after the Paris Agreement entered into force,
the role of carbon pricing, such as via a carbon tax or an emission trading scheme, attracted
attention all over the world once again. Although countries have created such policies
to mitigate carbon emissions, the effectiveness of those policies has not been sufficiently
analyzed. In particular, policy assessments and evaluations in the Asian region including
Japan lag far behind those in North America and Europe.

The carbon tax was first introduced in Japan in 2012, but was set at a low level. Then,
in August 2021, the Government of Japan’s Central Environment Council’s Subcommittee
on the Utilization of Carbon Pricing [2] presented views on a carbon tax for the realization
of carbon neutrality and green growth. It is necessary to increase the carbon tax in stages
to show a strong price signal toward carbon neutrality in the future, which will help
promote innovation in decarbonization. However, it is important to consider the speed of
technological development and clarify the relationship between carbon pricing and existing
energy tax systems. As Arimura and Matsumoto [1] pointed out, experimental studies
on the effects of tax systems are indispensable for the policy and institutional design of
effective new energy-tax systems.

Energy was first taxed in Japan in 1904. A consumption tax was levied on petroleum,
which was a necessity for lighting at that time, to raise war expenses for the Russo-Japanese
War. The petroleum consumption tax continued for postwar management after the Russo-
Japanese War, but was abolished in 1923 in exchange for other taxes. Subsequently, the use
of petroleum shifted from lighting to fuel for automobiles. In 1937, when the relationship
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between Japan and China deteriorated and a wartime regime was in place, a gasoline tax
was introduced as a national fuel policy. The tax system was abolished in 1943 with the
enactment of the Petroleum Monopoly Law, but was re-established in 1949 after World War
II as a general source of revenue to compensate for the shortage of postwar fiscal revenue.
Subsequently, with the rapid spread of automobiles, road maintenance became an urgent
task. In 1953, all gasoline tax revenue was used for road maintenance [3].

Subsequently, the power development promotion tax and petroleum and coal tax
were established in 1974 and 1978, respectively, as energy measures after the oil crisis.
Currently, energy-related taxes in Japan include a gasoline tax (national tax), local gasoline
tax (national tax), oil gas tax (national tax), light oil take-back tax (prefectural tax), aircraft
fuel tax (national tax), petroleum and coal tax (national tax) and power source development
promotion tax (national tax). Of these taxes, four taxes, ranging from gasoline tax to light
oil take-back tax, were financial resources used for road maintenance. However, due to the
improvement in road maintenance levels, these taxes were converted into general financial
resources from FY2009. The remaining aircraft fuel tax, petroleum and coal tax and power
development promotion tax are specific financial resources used for airport maintenance
and noise prevention, to ensure a stable supply of energy and power sources and to uphold
nuclear safety measures, respectively.

A carbon tax was levied in Japan to promote a reduction of CO, emissions from
fossil fuels by utilizing the economic incentives of taxation, the “tax for global warming
countermeasures (TGWC)” created in the 2012 tax reform. The TGWC was introduced in
addition to the existing petroleum and coal tax collection scheme, which involves all fossil
fuels. Figure 1 shows the relationship between petroleum and coal taxes and the TGWC. As
shown in this figure, the tax rate per CO, emission unit differs between fossil fuels for the
existing petroleum and coal tax portion, which has the purpose of upholding a stable energy
supply. In addition to the petroleum and coal tax, the energy-related taxes mentioned above
are relatively high for automobile fuel, for historical reasons. Even with the same fossil
fuel, the tax rate per CO, emission unit differs depending on the application [4]. Kojima
and Asakawa [5] have reported that an energy tax reform based on the carbon content of
energy carriers may improve the mitigation efficiency of carbon pricing.

Taxes for global warming countermeasures

Carbon tax 289 JPY/t-CO,
Crude oil and petroleum
Existing < products
energy tax 779 JPY/t-CO,
LPG - LNG
400 JPY/t-CO, Coal
301 JPY/t-CO,
.

Figure 1. Tax rate per CO; emission unit (JPY/t-CO,). Source: Ministry of the Environment [4].

The effective carbon tax rate per ton of CO, emissions from fossil fuels is low in
Japan [5]. A document from the Ministry of the Environment of Japan [6] presents a
more detailed review of the energy tax per ton of CO, emissions from fossil fuels based
on the country. To give an example, the tax rate for heavy oil (for industrial use) was
17,400 JPY /t-CO; in Denmark and 1100 JPY/t-CO; in Japan. The tax rate for gasoline,
which has a relatively high tax rate in Japan, was 35,400 JPY/t-CO, in Denmark and
24,200 JPY /t-CO; in Japan. However, in Japan, where natural resources are scarce, the
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energy price before taxation is high. A comparison of the total price of fossil fuels and the
tax rate per ton of CO; emissions revealed that the rate for heavy oil (for industrial use)
was 39,500 JPY /t-CO; in Denmark and 24,900 JPY /t-CO, in Japan, and its ratio to gasoline
was 88,200 JPY /t-CO; in Denmark and 62,800 JPY /t-CO, in Japan. Considering the energy
price itself, the disparity in figures (energy price + energy tax) between the two countries is
somewhat narrow. As the introduction of a carbon tax is discussed based on the country
internationally, it is necessary to consider the difference in the price of fossil fuels based on
the difference in the resource reserves of each country.

While there is no doubt that carbon taxes should be introduced to create a strong price
signal toward carbon neutrality, the issues mentioned above (a balance with the existing
energy tax system based on the historical background and differences in international
resource prices) pose many challenges to the design of carbon tax systems. It is urgent that
we solve these issues and form a social consensus to establish a strong carbon tax system.

Therefore, the following analysis was conducted: (1) The effect of increasing the carbon
tax rate in Japan was analyzed, which is currently internationally low. In addition, (2) the
effects of energy tax reforms to correct the tax rate disparity were analyzed on the basis that
the tax rate per unit of CO, emissions differed between fossil fuels in Japan’s petroleum
and coal taxes. (3) The extent to which these tax effects were reduced was also estimated
by introducing renewable energy. Based on these results, we propose a more effective
institutional design for carbon pricing in Japan.

In the next section, previous studies on carbon tax using an input-output model and
other methods are reviewed. Section 3 specifies the analytical method, and Section 4
describes our database. Section 5 provides the estimation results. Based on this, an effective
energy-related tax design for carbon pricing in Japan is discussed. Finally, Section 6
summarizes the paper.

2. Literature Review on the Method

The objective of carbon pricing policies, such as carbon taxes, is to promote decar-
bonization innovation. To increase the social acceptance and effectiveness of the carbon tax,
it is better to deepen the carbon pricing policy to match the speed of innovation. Therefore,
to formulate evidence-based policies on carbon pricing, analysis of the effects of renewable
energy innovations, energy management and decarbonization, and an analysis of the effects
of introducing carbon taxes, should be combined. Input-output tables enable technological
analysis by describing the inputs required for the production activity of a sector in detail.
Input-output analysis also allows the spillover effect of technological changes in some
sectors to be analyzed on the economy as a whole via the relationship that the output of
one sector has with input in another sector. Two types of spillover analysis models use
input-output tables: the physical model and the (dual) price model [7].

The analytical formula for the physical model of the effect of introducing a carbon tax
is as follows:

b=E-(I-A)'f, 1)

where b is a column vector, the elements are the CO, emissions of each sector, E is a carbon
intensity matrix, (I — A)_1 is a Leontief inverse matrix (a matrix in which each element
shows a direct and indirect spillover effect of one unit of final demand for each good on
the economy as a whole) and f is the final demand vector. From Equation (1), the CO,
emissions caused by the final demand for each sector in the economy as a whole may
be calculated; by multiplying this by the carbon tax rate per unit of CO,, the amount of
carbon tax included in one unit of the final demand for goods produced in each sector may
be calculated.

The analytical formula for the price model of the effect of introducing a carbon tax is
as follows:

p= (I — A/) _1(v + Av), ()
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where p is a column vector, the elements are the price indices of each sector, (I — A') !
is the transposed Leontief inverse matrix, and (v + Av) is a column vector that shows
the value-added rate and its change. When all elements of Av are zero (i.e., when the
value-added rate of each sector is at the current level), the value of all elements of the
column vector p on the left side is 1. The calculation result of Equation (2) shows the rate of
change (%) in the price of goods in each sector when the value-added rate changes from the
current level by Av. Indirect taxes, such as carbon taxes, are one of the factors that cause a
change in the value-added rate (Av).

Equation (1) of the physical model is used to analyze the amount of carbon tax paid
in the entire supply chain for the production of each good from the supplier’s viewpoint.
Equation (2) of the price model is used to analyze how much the price of each good changes
due to the increase in the carbon tax from the consumer’s viewpoint. Equations (1) and (2)
are in a dual relationship, and if all levied carbon taxes are correctly passed on to the next
stage, they provide the same result.

Previous studies using Equation (1) for the physical model include Morgenstern et al. [8],
who examined the effect of the near-term impact on domestic manufacturing industries
of both upstream (economy-wide) and downstream (electric power industry only) carbon
mitigation policies, such as a carbon tax. Grainger and Kolstad [9] estimated the incidence
of carbon prices induced by a cap-and-trade program or carbon tax in the context of the US
in the early 2000s. Sugino et al. [10] analyzed the effects of carbon pricing on Japan’s indus-
trial sector and examined the impact of a rebate program. Jiang and Shao [11] estimated the
distributional effect of a carbon tax on households in various income groups in Shanghai,
China. Using the interprovincial input-output table in China, Wu et al. [12] reported a gap
in CO, emission responsibilities between producers and consumers in different provinces
and concluded that a carbon tax burden-sharing scheme should be designed. Renner [13]
examined the welfare effects of different carbon tax rates on the income distribution in
Mexico, which recently introduced a carbon tax. Sugino [14] focused on the effective
carbon rate and estimated the effects of carbon policies that increase the effective carbon
rate in Japan. Washizu and Nakano [15] analyzed the effects of different carbon taxation
methods and examined how the introduction of renewable energy reduces the carbon tax
burden. Yan and Yang [16] showed that household inequality may not have intensified
in Guangdong, where carbon pricing is progressive. Using a multi-regional input-output
analysis, Chen et al. [17] suggested that a carbon tax should be embodied in commodity
prices to facilitate the development of a low-carbon interprovincial trade structure.

The use of Equation (2) as the price model is based on the following studies. In Japan,
when the discussion on carbon tax was just beginning, Fujikawa [18] estimated the effect
of a carbon tax predicted in the future on the increase in the price of consumer goods.
Kameoka and Arimura [19] estimated the effect of TGWC introduced in Japan at that time
on the increase in the price of consumer goods. Both studies revealed that the introduction
of a carbon tax heavily increased the price of consumer goods for income-bearing house-
holds and residents in cold regions. Similarly, Phungrassami and Usubharatana [20] and
Saelim [21] estimated the effect of a carbon tax introduced in Thailand on the increase in
the prices of consumer goods and assessed changes in household welfare. Ma et al. [22,23]
analyzed how changes in the carbon tax levied on energy affect the prices of other goods
using network theory.

In the physical model, the absolute levied carbon tax may be calculated based on
the CO, emissions generated in the entire supply chain of each production process. The
advantage of the physical model is that it accurately measures the tax amount to be borne in
the future, even in areas where a carbon tax has not yet been introduced. Another advantage
of the physical model is that it may be integrated with engineering research, such as the
measurement of the carbon footprint and analysis of the effects of the introduction of
renewable energy. In research that focuses more on engineering, model analysis of real
prices has been performed simultaneously using a hybrid input-output table consisting
of elements measured in different units of quantity and price [24,25]. In the price model,
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the effect of introducing a carbon tax is assessed based on the rate of increase relative to
the current price; therefore, it is suitable to assess existing policy effects. In addition, the
network analysis of price-increase spillovers using the price model [22,23] is interesting.
Nakano and Yamagishi [26] used the life cycle assessment (LCA) database rather than
input-output tables to assess the impact of a carbon tax on product prices in Japan.

In this study, the price model of input-output analysis was used to assess the policy
effect of reforming Japan'’s current energy-related tax scheme. As input-output analysis can
describe the energy consumption structure of each sector classified in detail, the current
energy-related tax scheme is accurately reflected in our analysis. Moreover, we have used
a newly-developed input-output table in our analysis by adding the renewable energy
sectors to the 2015 input-output table published by the Ministry of Internal Affairs and
Communications of Japan. Using this new table, we analyzed how the introduction of
renewable energy would change the policy effect of reforming the energy-related tax
scheme. The novelty of this study is that the actual energy-related tax scheme is described
in detail, and that the effect of the introduction of renewable energy on the reform of
the scheme is analyzed. Additionally, using the price model of input-output analysis,
the spillover process of price increase is also observed, and an ideal way to reform the
energy-related tax is considered. The results will help businesses predict changes in their
product and raw material prices due to rising energy-related tax rates. They will also
help policymakers develop indicators for assessing the increased burden on households of
rising prices and the fairness of tax burdens between industries. Section 5 shows the rate
of change in the price index for consumers, to evaluate the increase in household burden
through price increases due to the increase in energy-related tax rates.

Kojima and Asakawa [5] describe the marginal abatement cost (MAC) and explicit
carbon pricing (ECP) approaches for estimating the desired carbon price level. This study
includes a real carbon tax in the price model; thus, it is based on the ECP approach. MAC
research attempts to estimate carbon prices technically, based on the cost of decarbonization
technology. Kojima and Asakawa [5] point out that the MAC is likely to give higher
estimation results because it does not fully account for the dynamic process or social effects
of technology dissemination. Huang et al. [27] also found that the MAC is more reliable by
ranking the values of options relative to the baseline, rather than focusing on the absolute
value of individual measures. However, to assess the relationship between carbon pricing
and the introduction of new technologies such as carbon dioxide capture, utilization and
storage (CCUS), it is important to develop an input-output model incorporating the MAC.
This will be the subject of future research.

3. Model

Using an equilibrium price model based on an input-output table, the price increase
that can occur due to the introduction of a carbon tax was assessed. Equation (2) in the
review section does not distinguish between the prices of domestic and imported goods;
however, this study assessed changes in the prices of domestic goods. According to the
equilibrium price model (Equation (3)), changes in the price of domestic goods may be
represented by changes in the value-added coefficient and changes in the price of imported
goods. The value-added coefficient is the gross value added per unit of production value.

A -1 A

Apd=[I— (I-M)A] (MA'Ap™+Av), 3)
where Ap is a vector of changes in domestic goods prices, 1 is the unit matrix, M is the
import coefficient matrix (import value per domestic demand value), A is the transposed
matrix of the input coefficient matrix, Ap™ is the vector of change in import goods prices

and Av is the vector of change in the value-added coefficient.
In this study, it was assumed that there was no change in the price of imported goods
due to the introduction of the carbon tax, and only the value-added coefficient increased.
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In other words, the increase in energy cost per unit of production was an increase in the
value-added coefficient. This study assumes that the burden of carbon tax is passed on
through domestic product prices, but does not assess whether exported domestic products
affect the prices of imported products. All increases in energy prices due to carbon taxes
were passed on to the product price. It should be noted that the trigger was the rise in
production costs in the fuel consumption sector, not the price rise in the primary energy
production sector. It was assumed that the tax would be levied when refined petroleum
products were sold to the consumer sector and not when the petroleum refinery products
sector accepted crude petroleum. In addition, a decrease in demand and the effect of
substitution due to the increase in prices were not considered. The model also did not
include feedback from final-demand sectors, such as households. This study assumes
the following short-term economies: The increase in energy prices does not immediately
change the technological input structure as represented by the input coefficient in the input-
output table. In other words, there is no substitution between factors of production, such
as raw materials, labor and capital in production activities. Additionally, consumers do not
immediately change their consumption structure, as shown by the unchanged composition
ratio of goods in the final demand. Therefore, changes in the industrial sector (e.g., energy
prices) do not affect consumer behavior and production activities in the short run. One
way to deal with the medium- to long-term economy that alleviates these assumptions is
to conduct the analysis with a general equilibrium model. However, it is not realistic to
create a multi-sector economic model with detailed sector classification, as in this study.
A variable response to these assumptions will be investigated in a future study:.

The input coefficient of the input-output table is the average value for an industrial
sector as a whole. Even in the same industrial sector, the input coefficients on a company or
establishment basis differ, depending on the goods produced, number of employees, sales,
location and so on. Therefore, the impact of rising energy prices on the prices of goods
produced by companies and establishments in the same industrial sector differ. Due to the
existence of such heterogeneity in energy consumption, the results calculated in this study
need to be interpreted with caution.

Energy-related taxes in Japan include the petroleum and coal tax (PCT), gasoline taxes,
local gasoline taxes, oil gas taxes, aircraft fuel taxes, light oil take-back taxes and power
source development promotion taxes that are levied on electricity (Table 1). The PCT is
levied on crude petroleum, coal, liquified natural gas (LNG) and imported petroleum
refinery products, and is levied at the top of the supply chain. In addition to the main tax
rate in the PCT, the tax for global warming countermeasures (TGWC) was gradually added
to this tax in 2012 and was raised to the final tax rate in 2016. The tax rate for the TGWC is
289 JPY per 1t-CO,, which is 760 JPY/kL, 780 JPY/t and 670 JPY/t in terms of the unique
units of petroleum (crude petroleum, imported petroleum refinery products), gas (liquified
petroleum gas (LPG), LNG) and coal, respectively.

Table 1. Energy-related taxes in Japan (JPY/unit).

Energy-Related  Petroleum Incl. Simulation Scenario *
Unit Taxes Excl. the and Coal  Main Tax
PCT Tax (PCT) Rate TGWC S1 S2 S3 S4

Crude petroleum kL 2800 2040 760 2620 7860 13,100 26,200
Petroleum refinery KL 2800 2040 760 2620 7860 26,200
product (imported)

Gasoline kL 53,800

Jet fuel oil kL 18,000

Light oil kL 32,100

LPG (imported) t 1860 1080 780 2700 8100 13,500 27,000
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Table 1. Cont.
Energy-Related  Petroleum Incl. Simulation Scenario *
Unit Taxes Excl. the and Coal  Main Tax

LPG

(for motor vehicle) t 17,500

LNG t 1860 1080 780 2700 8100 13,500 27,000
Coal t 1370 700 670 2330 6990 11,650 23,300
Electricity 10° kWh 375,000

* The tax rate for global warming countermeasures (TGWC) for simulation is assumed to be 1000 JPY/t-CO,
(S1), 3000 JPY /t-CO; (S2), 5000 JPY /t-CO; (S3), or 10,000 JPY /t-CO; (S4). The CO, conversion coefficients for
“crude petroleum and petroleum refinery product”, “LPG and LNG”, and coal are 2.62t-CO, /kL, 2.7t-CO, /t,
and 2.33t-CO, /t, respectively. Sources: Ministry of Finance [28] and Ministry of the Environment [4] for CO,
conversion coefficients.

In this study, based on discussions in a subcommittee of the Ministry of the Environ-
ment [29], the TGWC was considered a type of carbon tax, and the effect of raising the
TGWC tax rate to 1000 JPY, 3000 JPY, 5000 JPY or 10,000 JPY per 1 ton of CO, emissions
was examined. In addition, tax exemption and refund measures were applied to specific
fields in the TGWC, and it was assumed that these measures would continue even when
the TGWC tax rate was raised.

The TGWC is an addition to the main tax levied at a different tax rate for each fuel,
and the tax rate per carbon is not equal between fuels when the PCT is considered as a
whole. Therefore, there are criticisms that even if the TGWC tax rate is raised, it cannot be
regarded as imposing a carbon tax. The case in which the PCT was replaced by a carbon
tax with the same tax rate per carbon was also assessed. In other words, the price increase
was determined if the main tax rate for gas and coal was adjusted to that for petroleum
(779 JPY /t-COy).

What can be done to curb the rise in product prices due to the introduction of a carbon
tax? One such measure is a fuel source change. For example, if fossil fuels for power gener-
ation could be replaced with renewable energy, it would be possible to curb the increase in
electricity prices due to a carbon tax. In this study, the effect of suppressing the increase in
product prices due to the introduction of a carbon tax was assessed by substituting thermal
power generation with renewable energy power generation (Equation (4)).

Aprenew — BVE]’[E'(UAVVEYIEZU, (4)

where Ap™% is the vector of the restraining effect on product price increase due to

renewable energy power generation, B™"¢ is the submatrix extracted from B for renewable
A -1

energy power generation (B = [I— (I—M)A'] ) and Av™®"% s the difference vector of

energy cost increase per unit production due to a carbon tax between thermal power

generation and renewable energy power generation.

Renewable energy generation for business use, in 2015, accounted for approximately
0.5% of all power sources. Therefore, the effect of suppressing an increase in product prices
owing to the introduction of a carbon tax should be limited. However, as renewable energy
power generation is expected to continue to spread, if the share of renewable energy power
generation increases to 30%, the rise in product prices will be suppressed. Thus, how the
effect may change was also assessed.

4. Data

A 2015 input-output table was developed for the analysis of next-generation energy
systems (IONGES), which incorporated renewable energy sectors that existed in 2015.
In addition to the thermal, nuclear and hydropower generation sectors, power generation
equipment/facility construction sectors and power generation sectors for the 15 types of
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renewable energy (Table 2) were included in IONGES. The total gross domestic production
(CT) of the power generation sectors in IONGES was equal to the total CT of the power gen-
eration sectors in the input-output table developed by the Ministry of Internal Affairs and
Communications in Japan (MIC-IO). However, the power generation equipment/facility
construction sector in IONGES had a different concept from the power facility construction
sector in the MIC-IO. The former included the power generation equipment and civil
engineering work required for the construction of the power generation facility, while the
latter included only the civil engineering work on the power generation facility. The total
CT of the power generation equipment and facility construction sectors in IONGES was
equal to the sum of the CT of the power generation sectors and the material amount of
the power facility construction sector included in the fixed capital formation of the final
demand in MIC-IO. See Appendix A for how to create the 2015 input-output table for
analysis of the next-generation energy system.

Table 2. Power plant specifications used for estimation in the 2015 IONGES.

Unit Cost Operation
Purchase
. re for Con- Cost . .
Capacity Generation Utilization struction (Thousand Price under Service
P (MWh/Year) Rate the FIT Life
(Thousand JPY/KW (JPY/kWh)
JPY/KW) /Year)
Solar power 4 kW 4 0.12 369.0 3.6 34.00 30
(for residential use)

Solar power (for business) 1200 kW 1472 0.14 307.5 6.0 27.50 30
Onshore wind power 20,000 kW 35,040 0.2 300.0 6.0 22.00 20
Offshore wind power 150,000 kW 394,200 0.3 565.0 22.5 36.00 20

Small- and medium-sized 199 kW 1046 0.6 800.0 75.0 25.00 40

hydropower
Flash-type geothermal 30,000 kW 218,124 0.83 790.0 33.0 26.00 40
Binary-type geothermal 50 kW 394 0.9 1230.0 48.0 40.00 40
Woody biomass
(30,000 kW) 30,000 kW 217,016 0.826 296.7 24.00 40

Woody biomass (5000 kW) 5000 kW 34,164 0.780 530.0 32.00 40

Woody biomass (2000 kW) 1990 kW 13,474 0.773 713.6 40.00 40
Methane fermentation 50 t/day 785 0.300 8034.6 Operation 39.00 30

(raw garbage) costs are
Methane fermentation 3 estimated
(sewage sludge) 161 m?’/day 1486 0.355 535.8 based on 39.00 30
each source
Methane fermentation 95 t/day 1977 0.752 2650.0 39.00 30
(livestock manure)
Waste incineration 600 t/day 26,685 0.650 47443 17.00 40
(large-sized city)
Waste incineration 300 t/day 13,350 0.650 5785.9 17.00 40

(medium-sized city)

Source: Cost Verification Committee [30] for capacity and service life. FY2015 Procurement Price Calculation
Committee [31] for utilization rate, operation cost, and purchase price under the feed-in tariff (FIT) scheme. Power
plant specifications for binary-type geothermal and biomass power generation are based on each source [32]. Bold
indicates that the value is calculated backward.

5. Results and Discussion
5.1. Impact of Raising the TGWC in the PCT on Prices

To determine the macro impact of the TGWC increase in the PCT on prices, the price
index was examined, which is a weighted average of prices by goods according to the
composition of private consumption expenditure in the 2015 IONGES. Although this price
index is valued at the producer’s price, it is similar to the consumer price index. Assuming
that the price level in 2015 was 1, energy-related taxes accounted for 0.69%. If the TGWC
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was raised to 1000 JPY/t-CO, (scenario S1), the price would increase by 0.12%. If the
TGWC was further increased, the price would rise by 0.45% for 3000 JPY /t-CO, (scenario
S2), 0.79% for 5000 JPY /t-CO, (scenario S3) and 1.62% for 10,000 JPY /t-CO, (scenario S4).

Next, price changes by industry sector were examined (Table 3). The top 10 sectors
with the highest proportion of energy-related taxes at the price level in 2015 were the
transport sectors, such as self-transport (17.41%), road transport (4.21%) and air transport
(2.72%). The top 10 sectors also included energy-conversion sectors, such as methane
fermentation gas power generation (livestock waste) (4.94%), commercial thermal power
generation (3.39%), coal products (2.73%) and private power generation (thermal power)
(2.28%). Other energy-intensive sectors, such as the miscellaneous mining industry (5.51%),
petrochemical basic products (3.53%) and wooden chips (for power generation) (2.37%),
were also included.

Table 3. Proportion of energy-related taxes in price in 2015 (top 10 sectors).

Rank Sector Proportion
1 Self-transport 17.41%
2 Miscellaneous mining industry 5.51%
3 Electricity (methane fermentation gas (livestock waste)) 4.94%
4 Road transport (except self-transport) 4.21%
5 Petrochemical basic products 3.53%
6 Electricity (thermal power) 3.39%
7 Coal products 2.73%
8 Air transport 2.72%
9 Wooden chips (for power generation) 2.37%

10 Private power generation (thermal power) 2.28%

Source: Authors’ estimation.

When the TGWC was raised to 1000 JPY /t-CO; (scenario S1), the price increase rate
of coal products was the highest at 2.73% (Table 4). This was followed by the energy-
conversion sectors, such as commercial thermal power generation (2.20%) and private
power generation (thermal power) (1.92%). The gas and heat supply sectors also ranked
high at 1.43%. Following this, the rate of increase in prices of basic energy-intensive
petrochemical products was as high as 1.64%, and the other chemical product sectors, such
as organic chemical products (0.73%), synthetic fibers (0.64%) and synthetic resins (0.59%)
were also at the top. Self-transport (0.71%), which had the highest ratio of energy-related
taxes to price, also had a high rate of price increases. In addition, energy-intensive pig
iron and crude steel (0.58%) were included at the top. If the TGWC was further raised
to 3000 JPY (scenario S2), 5000 JPY (scenario S3) and 10,000 JPY (scenario S4), the price
increased in the same way in all sectors, and the relative ranking of the price increase rate
did not change.

Japan’s energy taxes were designed to place a relatively heavy burden on vehicle fuel,
that is, on the transport sector. However, the impact of the TGWC hike on price increases
was relatively greater in the energy-conversion and energy-intensive chemical sectors. This
suggested that the policy option of raising the TGWC could place a relatively heavy tax
burden on the transport sector, and even on the energy-conversion and energy-intensive
sectors. Therefore, raising the TGWC might promote both the spread of decarbonization
technologies, such as electric vehicles and fuel cell vehicles in the transportation sector,
and the spread of other decarbonization technologies, such as CCUS in other energy-
intensive sectors.



Energies 2022, 15, 2162

10 of 20

Table 4. Price increase due to the TGWC increase (top 10 sectors).

Scenario S1 * Scenario S2
Rank Sector Rate Sector Rate
1 Coal products 2.73% Coal products 10.39%
2 Electricity (thermal power) 2.20% Electricity (thermal power) 8.39%
3 Private power generation (thermal power) 1.92% Private power generation (thermal power) 7.31%
4 Petrochemical basic products 1.64% Petrochemical basic products 6.26%
5 Gas and heat supply 1.43% Gas and heat supply 5.46%
6 Organic chemical products 0.73% Organic chemical products 2.78%
7 Self-transport 0.71% Self-transport 2.69%
8 Synthetic fibers 0.64% Synthetic fibers 2.43%
9 Synthetic resins 0.59% Synthetic resins 2.25%
10 Pig iron and crude steel 0.58% Pig iron and crude steel 2.22%
Scenario S3 Scenario S4
Rank Sector Rate Sector Rate
1 Coal products 18.05% Coal products 37.20%
2 Electricity (thermal power) 14.59% Electricity (thermal power) 30.06%
3 Private power generation (thermal power) 12.69% Private power generation (thermal power) 26.16%
4 Petrochemical basic products 10.87% Petrochemical basic products 22.41%
5 Gas and heat supply 9.49% Gas and heat supply 19.56%
6 Organic chemical products 4.83% Organic chemical products 9.95%
7 Self-transport 4.68% Self-transport 9.65%
8 Synthetic fibers 4.22% Synthetic fibers 8.71%
9 Synthetic resins 3.92% Synthetic resins 8.08%
10 Pig iron and crude steel 3.86% Pig iron and crude steel 7.96%

* The tax rate for global warming countermeasures (TGWC) for the simulation is assumed to be 1000 JPY /t-CO,
(S1), 3000 JPY /t-CO; (S2), 5000 JPY /t-CO; (S3), and 10,000 JPY /t-CO, (S4). Source: Authors’ estimation.

The high rate of price increase in the “self-transport” sector would promote: (1) stream-
lining of distribution networks using advanced technologies such as ICT, (2) outsourcing
of transportation services such as the use of road freight transport and (3) introduction of
low-carbon automobiles for self-transport. Thus, it may result in reduced CO, emissions in
the entire transport sector.

5.2. Impact of Changes to the Main Tax Rate on the PCT on Prices

The effect on prices when the main tax rate for gas and coal in the PCT was adjusted to
that for petroleum (779 JPY /t-CO,) was then considered. As before, using the price index,
the price level would be raised by 0.05%. If the main tax rate for gas and coal was changed
and the TGWC was raised to 1000 JPY (scenario S1), the price would rise by 0.17%. In other
words, the change in the main tax rate would result in an additional 0.05 points to the price
increase effect of raising the TGWC. This also applied to Scenarios S2-54.

The top four sectors with the highest rates of price increases when the main tax rates
for gas and coal changed were energy-conversion sectors (Table 5). Coal products (1.78%),
commercial thermal power generation (1.19%), private power generation (thermal power,
1.09%) and gas and heat supply (0.75%) were included. Following this, the iron and steel
sectors (such as pig iron and crude steel (0.35%), steel products (0.25%) and cast and forged
steel products (0.23%)), chemical product sectors (such as synthetic fibers (0.29%) and
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chemical fertilizer (0.25%)) and energy-incentive sectors (such as pulp, paper, paperboard,
coated and blazed paper (0.26%)) were included.

Table 5. Price increase due to a change in the main tax rate for coal and gas (top 10 sectors, unit: %).

Rank Sector Rate
1 Coal products 1.78%
2 Electricity (thermal power) 1.19%
3 Private power generation (thermal power) 1.09%
4 Gas and heat supply 0.75%
5 Pig iron and crude steel 0.35%
6 Synthetic fibers 0.29%
7 Pulp, paper, paperboard, coated and glazed paper 0.26%
8 Steel products 0.25%
9 Chemical fertilizer 0.25%
10 Cast and forged steel products (iron) 0.23%

Source: Authors’ estimation.

If the main tax rate for gas and coal was changed and the TGWC was increased to
1000 JPY (scenario S1), the ranking of the top sectors in the rate of price increase would
change (Table 6). There would be no change in the relatively high rate of price increases in
the energy-conversion sector. However, while the ranking of iron and steel sectors and that
of pulp, paper, paperboard, coated and blazed paper would decline, the chemical product
sectors, such as petrochemical basic products and organic chemical products, would occupy
the top position. This tendency would become even stronger when the TGWC was raised
further (scenarios S2-54).

Similar to the increase in the TGWC, the change in the main tax rate in the PCT would
have a significant effect on raising the price in the energy-conversion and energy-intensive
sectors. Therefore, choosing a policy option that combines a change in the main tax rate for
coal and gas with an increase in the TGWC could encourage the spread of decarbonization
technology in a wider range of sectors.

5.3. Contribution of Renewable Energy Power Generation to Curb Price Increases Due to
Energy-Related Taxes

We observed that raising the TGWC resulted in higher prices in the energy-conversion
sector, among other things. One of the means to curb price increases in the energy-
conversion sector is a fuel source change. For example, if fossil fuel power generation
technology was replaced by decarbonized power generation technology, the tax burden
on fuel should be reduced, and price increases should be suppressed. Thus, we next ex-
amined how much commercial renewable energy power generation, excluding large-scale
hydropower generation, could curb price increases by substituting commercial thermal
power generation.

Considering the price index, if the TGWC was raised to 1000 JPY (scenario S1), the
suppressive effect of price on renewable energy power generation was 0.001%. Furthermore,
if the TGWC was raised, the effect was 0.002% for 3000 JPY (scenario S2), 0.003% for
5000 JPY (scenario S3) and 0.005% for 10,000 JPY (scenario S4). Here, renewable energy
power generation has an extremely small effect on suppressing price increases because
renewable energy power generation for business use, excluding large-scale hydropower
generation, accounted for only 0.5% in 2015.
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Table 6. Price increase due to the change in the main tax rate for coal and gas, and the TGWC increase

(top 10 sectors, unit: %).

Scenario S1 *

Scenario S2

Rank Sector Rate Sector Rate
1 Coal products 4.50% Coal products 12.17%
2 Electricity (thermal power) 3.40% Electricity (thermal power) 9.59%
3 Private power generation (thermal power) 3.01% Private power generation (thermal power) 8.40%
4 Gas and heat supply 2.19% Petrochemical basic products 6.47%
5 Petrochemical basic products 1.86% Gas and heat supply 6.22%
6 Organic chemical products 0.94% Organic chemical products 2.99%
7 Pig iron and crude steel 0.94% Synthetic fibers 2.72%
8 Synthetic fibers 0.92% Self-transport 2.71%
9 Pulp, paper’gﬁ’;ii‘;?;i coated and 0.76% Pig iron and crude steel 2.58%

10 Chemical fertilizer 0.75% Synthetic resins 2.38%
Scenario S3 Scenario S4

Rank Sector Rate Sector Rate
1 Coal products 19.83% Coal products 38.98%
2 Electricity (thermal power) 15.78% Electricity (thermal power) 31.26%
3 Private power generation (thermal power) 13.78% Private power generation (thermal power) 27.25%
4 Petrochemical basic products 11.09% Petrochemical basic products 22.63%
5 Gas and heat supply 10.25% Gas and heat supply 20.32%
6 Organic chemical products 5.04% Organic chemical products 10.16%
7 Self-transport 4.70% Self-transport 9.67%
8 Synthetic fibers 4.51% Synthetic fibers 8.99%
9 Pig iron and crude steel 4.21% Pig iron and crude steel 8.31%

10 Synthetic resins 4.05% Synthetic resins 8.21%

* The tax rate for global warming countermeasures (TGWC) for the simulation is assumed to be 1000 JPY /t-CO,
(S1), 3000 JPY /t-CO; (S2), 5000 JPY /t-CO; (S3), and 10,000 JPY /t-CO, (S4). Source: Authors’ estimation.

According to the 6th Strategic Energy Plan [33] decided by the Government of Japan
in 2021, the target is to increase the ratio of renewable energy power generation, including
large-scale hydropower generation, to approximately 36-38%. Therefore, when the ratio
of commercial renewable energy power generation, excluding large-scale hydropower
generation, reaches 30%, the effect of curbing price increases due to the increase in the
TGWC may be assessed. If the TGWC is raised to 1000 JPY (scenario S1), the suppressive
effect of renewable energy power generation on price increases is 0.025%. If the TGWC
is further increased, the effect is 0.057% for 3000 JPY (scenario S2), 0.090% for 5000 JPY
(scenario S3) and 0.170% for 10,000 JPY (scenario S4).

When the ratio of renewable energy power generation increases to 30%, the effect of
curbing price increases due to the increase in the TGWC will increase. As renewable energy
is expected to become widespread in the future, renewable energy power generation is
expected to mitigate price increases due to the carbon tax.

6. Conclusions

In this study, the TGWC in the PCT was regarded as a type of carbon tax and the effect
of raising the TGWC on the price was assessed using the equilibrium price model and the
2015 IONGES. If the TGWC was raised to 1000 JPY /t-CO; (scenario S1), the prices faced
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by consumers would increase by 0.12%. If the TGWC was raised further, the price would
increase by 0.45% for 3000 JPY (scenario S2), 0.79% for 5000 JPY (scenario S3) and 1.62% for
10,000 JPY (scenario S4). In addition, if the main tax rate of coal and gas in the PCT was
adjusted to that of petroleum (779 JPY /t-COy), it would add an additional 0.05 points to
the price increase effect of the increase in the TGWC.

In the industry sector, energy-related taxes accounted for a relatively large proportion
of the prices in the transport sector. However, raising the TGWC had a relatively large
effect on raising prices in the energy-conversion and energy-intensive sectors. In addition,
changes in the main tax rates for coal and gas in the PCT also had a large effect on raising
prices in these sectors. If the main tax rate in the PCT matched that of petroleum and the
TGWC was raised, the tax burden previously biased toward the transport sector spread
to the energy-conversion and energy-intensive sectors. As a result, this tax reform might
help promote the introduction of energy-saving and decarbonizing technologies in a wider
range of sectors and correct the tax burden unfairness between industrial sectors.

However, this evaluation was based on the following assumptions. Under the assump-
tions of this study, all increases in energy prices due to the carbon tax were passed on to
the product price. In addition, the decrease in demand and the effect of substitution due
to the rise in prices were not considered. The evaluation did not include feedback from
end-demand sectors, such as households. Therefore, the price changes determined in this
study should be interpreted as potential price changes, and additional consideration is
required to determine actual price changes.

The purpose of a carbon tax is to encourage the introduction of energy-saving and
decarbonizing technologies. If these technologies become widespread, the carbon tax
burden should be reduced, and the impact on prices should be suppressed. Therefore,
in the future, the effect of the introduction of new energy technologies, such as CO;-
free hydrogen and CCUS, on the price increase due to a carbon tax should be analyzed.
In addition, it was confirmed that the effect of suppressing the price increase due to the
carbon tax increases as the ratio of renewable energy power generation increases. Thus, the
effect of the introduction of a smart management system that enables the mass introduction
of renewable energy power sources on the price increase due to the carbon tax should also
be analyzed in the future.
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See Nakano and Washizu [34] for details on how to create the 2015 input-output table
for analysis of the next-generation energy system.
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Appendix A.1. Power Transmission and Distribution Sectors

The 2015 MIC-IO incorporated the “commercial thermal power generation” sector
and the “commercial power generation (excluding thermal power generation)” sector,
which also included power transmission and distribution activities. Because the role of
smart grids is important in next-generation energy systems, the IONGES incorporates the
power-transmission and distribution sectors separately from the power-generation sector.

According to the operating expense statements of 10 electric power companies, the
J-POWER operating expense statement and the profit and loss statement of the local
public enterprise, the power-transmission and distribution cost accounts for 24.43% of
the sum of the power generation cost and the power-transmission and distribution cost.
Therefore, the power-transmission and distribution sector was created such that the CT
of the power-transmission and distribution sector equaled 24.43% of the CTs of the two
commercial power-generation sectors. The input vector for the power-transmission and
distribution sector was created by correcting the weighted average of the input coefficients
common to the two commercial power-generation sectors. While reducing the input
vector of the power-transmission and distribution sector from the two commercial power-
generation sectors, all power-transmission and distribution services were allocated to the
two commercial power-generation sectors. As a result, the CTs of the two commercial
power-generation sectors remained unchanged compared to those in the MIC-IO.

Appendix A.2. Private Power Generation Sector

The private power-generation sector in the 2015 MIC-IO included the electricity sold
to the commercial power sector. This might obscure the interpretation of the repercussion
of power generation in next-generation energy systems. Therefore, the CT of the private
power-generation sector was reduced by the amount of electricity sold to the commercial
power sector, and the vector of input goods corresponding to the reduced CT was added to
the input vector of the commercial power sector. In other words, the commercial power
sector changed to directly purchase the input materials required to generate that power
instead of purchasing privately generated power. To avoid distorting the original input
structure of the commercial power sector, it was assumed that the source of the privately
generated power to be purchased was the same as that of the commercial power sector.

Appendix A.3. Domestic Demand of the Power-Generation Equipment/Facility Construction Sector

Table A1 shows the domestic demand and composition ratio of the power-generation
equipment and facility construction sector in the 2015 IONGES. In these amounts, the
investment in the capital formation sector related to electric power (excluding the amounts
of nuclear fuel, software and R&D) in the fixed capital matrix of MIC-1O was transferred to
endogenous sectors. However, the total amount of fixed capital formation did not change
because all power-generation equipment/facility construction services were supplied as
fixed capital formation.

In the fixed capital matrix, “electricity” was incorporated as the capital formation
sector, and “wind power generation”, “solar power generation” and “other renewable
energy power generation” were also incorporated as the included amount of “electric-
ity”. The domestic demand for the construction of power generation, transmission and
distribution facilities for existing electric power was obtained by subtracting the included
amount of each mode of power generation from the investment amount of “electricity”. The
domestic demand for onshore wind power-generation equipment and facility construction
was the total investment in “wind power generation” in the fixed capital matrix. The
domestic demand for the construction of solar power-generation equipment/facility for
business was the total investment amount of “solar power generation” in the fixed capital
matrix plus the total investment amount of small-scale commercial solar power-generation
equipment/facility. The total investment in “other renewable energy power generation”
in the fixed capital matrix corresponded to the total investment in the construction of
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power-generation equipment/facility for woody biomass (30,000 kW and 5000 kW classes)
and replenishment wells of flash-type geothermal energy.

Table A1l. Domestic demand of the power-generation equipment/facility construction sector in the
2015 IONGES.

Million  Composition

JPY Ratio
Existing electric power incl. transmission and distribution facilities 2,236,601 37.3%
Solar power (for residential use) 318,342 5.3%
Solar power (for business) 2,737,509 45.7%
Onshore wind power 120,254 2.0%
Small- and medium-sized hydropower 79,463 1.3%
Flash-type geothermal - 0.0%
Replenishment well of flash-type geothermal 40,549 0.7%
Binary-type geothermal 10,778 0.2%
Woody biomass (30,000 kW) 34,593 0.6%
Woody biomass (5000 kW) 82,510 1.4%
Woody biomass (2000 kW) 1406 0.0%
Methane fermentation (raw garbage) 13,972 0.2%
Methane fermentation (sewage sludge) 588 0.0%
Methane fermentation (livestock manure) 13,479 0.2%
Waste incineration (large-sized city) 124,124 2.1%
Waste incineration (medium-sized city) 179,879 3.0%
Total 5,994,048 100.0%

Source: Authors’ estimation.

However, it was not possible to identify where the material investment amount of
each power-generation equipment/facility construction for residential use for solar power,
small- and medium-sized hydropower, binary type-geothermal, woody biomass (2000 kW
class), methane fermentation (raw garbage, sewage sludge and livestock manure) and
waste incineration (large- and medium-sized cities) were contained in the fixed capital
matrix of the MIC-IO. Therefore, the amount corresponding to these was not deducted from
the fixed capital formation. The total fixed capital formation and total domestic demand
of IONGES were larger than the corresponding values in the MIC-IO by the investment
amount in these power-generation equipment/facility construction sectors.

The domestic demand for each renewable energy power-generation equipment/facility
construction sector, excluding the total investment in the generation equipment/facility’s
construction for onshore wind power and replenishment wells of flash-type geothermal
energy, was calculated by multiplying the increments of newly installed and certified
capacity (kW) under the feed-in tariff (FIT) scheme from 2014 to 2015 by the construction
unit price in Table 2.

Appendix A.4. Domestic Demand of the Commercial Power-Generation Sector

Table A2 presents the domestic demand and composition ratio of the commercial
power-generation sector in the 2015 IONGES. These values were derived by dividing the
domestic demand for commercial power generation (excluding thermal power generation)
by the composition ratio of nuclear power, hydropower and “renewable power generation”
in the electric power business handbook by the Japan Electric Association. In addition to
the domestic demand and composition ratio of the renewable power-generation sector, the
capacity of “renewable power generation” in the electric power business handbook was



Energies 2022, 15, 2162 16 of 20

divided by the composition ratio of renewable energy power generation calculated from
the installed and certified capacity (cumulative) under the FIT scheme.

Table A2. Domestic demand of the commercial power-generation sector in the 2015 IONGES.

Composition Ratio for

Million JPY Composition Ratio Renewable Energies
Thermal power 15,827,578 89.389%
Nuclear power 156,840 0.886%
Hydropower (large-sized) 1634,249 9.230%
Solar power (for residential use) 7888 0.045% 8.99%
Solar power (for business) 22,204 0.125% 25.30%
Onshore wind power 4359 0.025% 4.97%
Offshore wind power 12 0.00007% 0.01%
Small and medium-sized hydropower 1530 0.009% 1.74%
Flash-type geothermal 69 0.00039% 0.08%
Binary-type geothermal 64 0.00036% 0.07%
Woody biomass (30,000 kW) 7176 0.041% 8.18%
Woody biomass (5000 kW) 1487 0.008% 1.70%
Woody biomass (2000 kW) 48 0.00027% 0.05%
Methane fermentation (raw garbage) 9 0.00005% 0.01%
Methane fermentation (sewage sludge) 7 0.00004% 0.01%
Methane fermentation (livestock manure) 67 0.00038% 0.08%
Waste incineration (large-sized city) 19,570 0.111% 22.30%
Waste incineration (medium-sized city) 23,255 0.131% 26.50%
Total 17,706,412 100.000%

Source: Authors’ estimation.

Appendix A.5. Input Coefficient Vector of the Power-Generation Equipment/Facility
Construction Sector

Each input coefficient vector was created using the same method as the 2011
IONGES [15,32]. Table 2 shows the scale and unit cost of the power-generation facility used
to create the input vector for the renewable energy power-generation equipment/facility
construction sector. However, the cost composition of solar power generation (for resi-
dential use and business) and wind power generation, where power-generation costs and
technological trends have significantly changed, were updated.

Table A3 shows the cost composition of solar power generation (for residential use
and business) and equipment/facility construction that reflects the parts prices in 2015.
The cost composition of photovoltaic (PV) modules was 39.7% for residential use and 36.5%
for business. Compared to the assumptions in the 2011 IONGES, the price of residential PV
modules significantly dropped.

Table A3. Cost composition of solar power-generation equipment/facility construction.

For Residential Use For Business
Details of BOS Details of Others
Module 0.397 Module 0.365
Invertor 0.129 Invertor 0.610

BOS (balance of system) 0.082 Panel mount 0.477 Panel mount 0.102
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Table A3. Cont.

For Residential Use

For Business

Details of BOS Details of Others
H-shaped steel 0.111 Others 0.086 H-shaped steel 0.083
Junction box 0.191 Junction box 0.142
Cubicle 0.155 Cubicle 0.116
Data-measuring device 0.042 Data-measuring device 0.032
Uninterz;sgrarlle power 0.001 Uninterz;};tteiille power 0.001
Display device 0.023 Display device 0.017
PCS 0.090
Connection cost 0.018
Installation cost 0.188 Installation cost 0.330
Margin 0.203 Others 0.010
Total 1.000 1.000 1.000 1.000

Sources: The 24th meeting of the FY2016 Procurement Price Calculation Committee [35] on solar power generation
for residential use, the 23rd meeting of the FY2016 Procurement Price Calculation Committee [36] and the 20th
meeting of the FY2015 Procurement Price Calculation Committee [37] on solar power generation for business.

According to “PV shipment in Japan” by the Japan Photovoltaic Energy Association
(JPEA), the number of domestic shipments in 2015 was 2.70 GW for PV modules produced
in Japan and 5.16 GW for modules produced overseas. By comparing the Japanese module
cost and the cost outside Japan based on the “Current Survey of Production” by the Ministry
of Economy, Trade and Industry (METI), the website column by the Renewable Energy
Institute in Japan [38] and the Corporate Goods Price Index (2015 base) by the Bank of
Japan, the difference between domestic and foreign prices of PV modules was assumed to
be 3.14-fold (the ratio of domestic prices to import prices). The import ratio to domestic
demand was assumed to be 37.8%.

Based on recent changes in technological trends, the cost composition of wind tur-
bines, which was a prerequisite for creating input vectors for the wind power-generation
equipment/facility construction sector, was updated. According to the Japan Society of
Industrial Machinery Manufacturers (JSIM) [39], the powertrain of wind turbines before
2000 was mainly a combination of a geared speed increaser and induction generator. Later,
when 2-3 MW generators became mainstream, powertrains combining permanent magnet
synchronous generators, full converters and gearless direct drives were adopted. In the
2011 IONGES, it was assumed that onshore wind turbines with small generators would
have geared wind turbines, while offshore wind turbines with large generators would have
gearless wind turbines. However, in a low-speed direct drive, the generator is a multipole
machine so the diameter and weight increase. Therefore, 5-8 MW machines adopt tech-
nology that combines a permanent magnet synchronous generator, a full converter and
a medium-speed gear drive to reduce the size and cost. As a result, the number of wind
turbines with gears is increasing even for offshore wind power, which is becoming larger.

Therefore, in the 2015 IONGES, both onshore and offshore wind power were assumed
to have wind turbines with gears, and the cost composition was changed to the value
obtained by JSIM [39]. Table A4 shows the cost composition used to create the input vector
for the wind power-generation equipment/facility construction sector in the 2015 IONGES.

According to the JSIM [39], the numbers of wind-power generators introduced in
FY2015 are 56 MW for domestic wind turbines and 191 MW for overseas wind turbines. By
comparing the Japanese turbine cost and the average cost outside Japan, in the IEA Wind
TCP Annual Report 2015 [40], the difference between the domestic and foreign prices of
wind turbines is assumed to be 4.02-fold (the ratio of domestic prices to import prices). The
import ratio of domestic demand is assumed to be 45.9%.
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Table A4. Cost composition of wind power-generation equipment/facility construction.

Onshore Wind Power Offshore Wind Power
Tower 11.8% Tower 6.6%
Blade 11.2% Blade 6.3%
Speed increaser (gear) 10.1% Speed increaser (gear) 5.6%
Others 8.9% Others 5.0%
Convertors 3.0% Convertor 1.7%
Pitch and yaw mechanism 3.0% Pitch and yaw mechanism 1.7%
Generator 2.4% Generator 1.3%
Transformer 2.4% Transformer 1.3%
Casting product 1.8% Casting product 1.0%
Bearing 1.8% Bearing 1.0%
Forged product 1.8% Forged product 1.0%
Control device 1.2% Control device 0.7%

Interconnection/submarine

Grid interconnection 14.5% cable,/substation, etc. 12%
Survey cost and design 2.9% Project cost 2%
Transportation and assembly 23.4% Transportation and installation 19%
Construction and financing cost 12%
Foundation work 22%

Total 100.0% Total 100.0%

Source: The Japan Society of Industrial Machinery Manufacturers [39].

Appendix A.6. Input Coefficient Vector of the Power-Generation Equipment/Facility
Construction Sector

The input coefficient vector of the renewable energy power-generation sector was
created using the same method as in the 2011 IONGES [15,32]. The operation and main-
tenance costs per unit shown in Table 2 were divided by the input goods, and the input
coefficient was estimated by dividing each input amount by the power-generation amount.

In the 2015 IONGES, as in the 2011 IONGES, both commercial and renewable energy
power were converted into monetary amounts by the same producer’s price. In addition,
the difference between the purchase price under the FIT scheme and the producer’s price
of renewable energy power was shown as a negative value in the row vector of “difference
from FIT” provided in the value-added vector. That is to say, it adopted the same table
format as for the ordinary subsidy. However, in the three woody biomass power-generation
sectors, it was assumed that a part of the “difference from FIT” was also used to subsidize
the purchase of input goods, such as fuel. The subsidy allocated to the fuel purchase of
woody biomass power plants (30,000 kW and 5000 kW classes) was expressed as the output
of “wood chips (for power generation)” to the government expenditure.

The MIC-IO also incorporated the “wood chips” sector, but the “wood chips (for
power generation)” sector in the 2015 IONGES used only unused wood, such as thinned
wood, branches and leaves. It was assumed that the goods were different from the “wood
chips” in the MIC-IO. Though there are cases where normal wood chips are used for woody
biomass power generation, the amount was presumed to be small. Therefore, in the 2015
IONGES, it was assumed that only “wood chips (for power generation)” derived from
unused wood were included in the woody biomass power-generation sector.



Energies 2022, 15, 2162 19 of 20

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

Arimura, T.H.; Matsumoto, S. Preface. In Carbon Pricing in Japan; Arimura, T.H., Matsumoto, S., Eds.; Economics, Law, and
Institutions in Asia Pacific; Springer: Singapore, 2021. Available online: https:/ /link.springer.com/content/pdf/bfm%3A978-981
-15-6964-7%2F1.pdf (accessed on 7 February 2022).

Ministry of the Environment, Central Environment Council Subcommittee on Utilization of Carbon Pricing Interim Arrangement.
Available online: https://www.env.go.jp/council /06earth /setchukanseiri.pdf (accessed on 7 February 2022). (In Japanese)
Kuranobu, T. A Study on the History of Gasoline Tax in Japan. Natl. Tax Coll. Ronsou 1981, 14, 52-135. Available online: https:
/ /www.nta.go.jp/about/organization/ntc/kenkyu/ronsou/14/123 /ronsou.pdf (accessed on 7 February 2022). (In Japanese)
Ministry of the Environment, Details on the Carbon Tax (Tax for Climate Change Mitigation). Available online: https://www.env.
go.jp/en/policy/tax/env-tax/20121001a_dct.pdf (accessed on 7 February 2022).

Kojima, S.; Asakawa, K. Expectations for Carbon Pricing in Japan in the Global Climate Policy Context. In Carbon Pricing in Japan;
Arimura, T.H., Matsumoto, S., Eds.; Economics, Law, and Institutions in Asia Pacific; Springer: Singapore, 2021. [CrossRef]
Ministry of the Environment, Subcommittee on Utilization of Carbon Pricing (13th) Document 2. Available online: https:
/ /www.env.go.jp/council/06earth /13_3.html (accessed on 7 February 2022). (In Japanese)

Miller, R.E.; Blair, P.D. Input—Output Analysis Foundations and Extensions; Cambridge University Press: London, UK, 2009.
Morgenstern, R.D.; Ho, M,; Shih, J.-S.; Zhang, X. The near-term impacts of carbon mitigation policies on manufacturing industries.
Energy Policy 2004, 32, 1825-1841. [CrossRef]

Grainger, C.A.; Kolstad, C.D. Who pays a price on carbon? Environ. Resour. Econ. 2010, 46, 359-376. [CrossRef]

Sugino, M.; Arimura, T.H.; Morgenstern, R.D. The effects of alternative carbon mitigation policies on Japanese industries. Energy
Policy 2013, 62, 1254-1267. [CrossRef]

Jiang, Z.; Shao, S. Distributional effects of a carbon tax on Chinese households: A case of Shanghai. Energy Policy 2014, 73, 269-277.
[CrossRef]

Wu, S.; Lei, Y.; Li, S. Provincial carbon footprints and interprovincial transfer of embodied CO, emissions in China. Nat. Hazards
2017, 85, 537-558. [CrossRef]

Renner, S. Poverty and distributional effects of a carbon tax in Mexico. Energy Policy 2018, 112, 98-110. [CrossRef]

Sugino, M. The Economic Effects of Equalizing the Effective Carbon Rate of Sectors: An Input-Output Analysis. In Carbon
Pricing in Japan; Arimura, T.H., Matsumoto, S., Eds.; Economics, Law, and Institutions in Asia Pacific; Springer: Singapore, 2021.
[CrossRef]

Washizu, A.; Nakano, S. An Assessment of Carbon Taxation by Input—Output Analysis: Upstream or Downstream? In Carbon
Pricing in Japan; Arimura, T.H., Matsumoto, S., Eds.; Economics, Law, and Institutions in Asia Pacific; Springer: Singapore, 2021.
[CrossRef]

Yan, J.; Yang, J. Carbon pricing and income inequality: A case study of Guangdong Province, China. J. Clean. Prod. 2021,
296, 126491. [CrossRef]

Chen, W.; Qu, S.; Han, M.S. Environmental implications of changes in China’s inter-provincial trade structure. Resour. Conserv.
Recycl. 2021, 167, 105419. [CrossRef]

Fujikawa, K. About the burden of carbon tax by region and income group. Sangyo Renkan (Input-Output) 2002, 10, 35-42. Available
online: https://www.jstage.jst.go.jp/article/papaios/10/4/10_35/_pdf/-char/ja (accessed on 7 February 2022). (In Japanese)
Kameoka, R.; Arimura, T.H. The Impact of Carbon Tax and Feed-in Tariff on the Industry and Household Expenditure an
Input-output Analysis. Soc.Env. Sci. [PN 2019, 32, 103-112. Available online: https:/ /www.jstage.jst.go.jp/article/sesj/32/4/32_
320401 /_pdf/-char/ja (accessed on 7 February 2022). (In Japanese)

Phungrassami, H.; Usubharatana, P. Fossil fuel carbon taxation policy effect on thai household expenditure using input—output
price structural path model. Environ. Prog Sustain. Energy 2019, 38, 13183. [CrossRef]

Saelim, S. Carbon tax incidence on household consumption: Heterogeneity across socio-economic factors in Thailand. Econ. Anal.
Policy 2019, 62, 159-174. [CrossRef]

Ma, N.; Li, H.; Wang, Y.; Zhang, J.; Li, Z.; Arif, A. The short-term roles of sectors during a carbon tax on Chinese economy based
on complex network: An in-process analysis. J. Clean. Prod. 2020, 251, 119560. [CrossRef]

Ma, N.; Li, H.; Zhang, J.; Han, X,; Feng, S.; Arif, A. The short-term price effects and transmission mechanism of CO, cost
pass-through in China: A partial transmission model. Resour. Policy 2021, 70, 101972. [CrossRef]

Zou, Y.; Wang, S.; Mizunoya, T.; Yabar, H.; Higano, Y. Research on environmental tax with emphasis on developing renewable
energy in Beijing, China. J. Sustain. Dev. 2014, 7, 78-88. [CrossRef]

Zhang, H.; Hewings, G.J.D.; Zheng, X. The effects of carbon taxation in China: An analysis based on energy input-output model
in hybrid units. Energy Policy 2019, 128, 223-234. [CrossRef]

Nakano, K.; Yamagishi, K. Impact of carbon tax increase on product prices in Japan. Energies 2021, 14, 1986. [CrossRef]

Huang, S.K.; Kuo, L.; Chou, K.L. The applicability of marginal abatement cost approach: A comprehensive review. J. Clean. Prod.
2016, 1127, 59-71. [CrossRef]

Ministry of Finance, Materials on Automobile-Related Taxes and Energy-Related Taxes. Available online: https:/ /www.mof.go.
jp/tax_policy /summary/consumption/d10.htm (accessed on 7 February 2022). (In Japanese)

Ministry of the Environment, Subcommittee on Utilization of Carbon Pricing (16th) Document 1-2. Available online: https:
/ /www.env.go.jp/council/06earth/16_3.html (accessed on 7 February 2022). (In Japanese)


https://link.springer.com/content/pdf/bfm%3A978-981-15-6964-7%2F1.pdf
https://link.springer.com/content/pdf/bfm%3A978-981-15-6964-7%2F1.pdf
https://www.env.go.jp/council/06earth/setchukanseiri.pdf
https://www.nta.go.jp/about/organization/ntc/kenkyu/ronsou/14/123/ronsou.pdf
https://www.nta.go.jp/about/organization/ntc/kenkyu/ronsou/14/123/ronsou.pdf
https://www.env.go.jp/en/policy/tax/env-tax/20121001a_dct.pdf
https://www.env.go.jp/en/policy/tax/env-tax/20121001a_dct.pdf
http://doi.org/10.1007/978-981-15-6964-7_1
https://www.env.go.jp/council/06earth/13_3.html
https://www.env.go.jp/council/06earth/13_3.html
http://doi.org/10.1016/S0301-4215(03)00171-X
http://doi.org/10.1007/s10640-010-9345-x
http://doi.org/10.1016/j.enpol.2013.06.074
http://doi.org/10.1016/j.enpol.2014.06.005
http://doi.org/10.1007/s11069-016-2585-5
http://doi.org/10.1016/j.enpol.2017.10.011
http://doi.org/10.1007/978-981-15-6964-7_11
http://doi.org/10.1007/978-981-15-6964-7_9
http://doi.org/10.1016/j.jclepro.2021.126491
http://doi.org/10.1016/j.resconrec.2021.105419
https://www.jstage.jst.go.jp/article/papaios/10/4/10_35/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/sesj/32/4/32_320401/_pdf/-char/ja
https://www.jstage.jst.go.jp/article/sesj/32/4/32_320401/_pdf/-char/ja
http://doi.org/10.1002/ep.13183
http://doi.org/10.1016/j.eap.2019.02.003
http://doi.org/10.1016/j.jclepro.2019.119560
http://doi.org/10.1016/j.resourpol.2020.101972
http://doi.org/10.5539/jsd.v7n2p78
http://doi.org/10.1016/j.enpol.2018.12.045
http://doi.org/10.3390/en14071986
http://doi.org/10.1016/j.jclepro.2016.04.013
https://www.mof.go.jp/tax_policy/summary/consumption/d10.htm
https://www.mof.go.jp/tax_policy/summary/consumption/d10.htm
https://www.env.go.jp/council/06earth/16_3.html
https://www.env.go.jp/council/06earth/16_3.html

Energies 2022, 15, 2162 20 of 20

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Cost Verification Committee Report. Available online: https://www.cas.go.jp/jp/seisaku/npu/policy09/archive02_hokoku.html
(accessed on 7 February 2022). (In Japanese)

Procurement Price Calculation Committee Report FY2015. Available online: https://www.meti.go.jp/shingikai/santeii/pdf/
report_005_01_00.pdf (accessed on 7 February 2022). (In Japanese)

Nakano, S.; Washizu, A. Creation and application of the 2011 input-output table for analysis of next-generation energy system.
Sangyo Renkan (Input-Output) 2020, 27, 90-105. (In Japanese) [CrossRef]

Agency for Natural Resources and Energy, The 6th Strategic Energy Plan. Available online: https://www.enecho.meti.go.jp/en/
category/others/basic_plan/pdf/6th_outline.pdf (accessed on 7 February 2022).

Nakano, S.; Washizu, A. Creation and Application of the 2015 Input-Output Table for Analysis of Next-Generation Energy
Systems: Analysis of the Effects of Introducing Carbon Tax, RIEEM Discussion Paper Series, No.2103. Available online:
https:/ /www.waseda.jp/prj-rieem/dp/dp2103.pdf (accessed on 7 February 2022).

Procurement Price Calculation Committee, the 24th meeting of the FY2016, Document No.1. Available online: https:/ /www.meti.
go.jp/shingikai/santeii/pdf/024_01_00.pdf (accessed on 7 February 2022). (In Japanese)

Procurement Price Calculation Committee, the 23th meeting of the FY2016, Document No.1. Available online: https:/ /www.meti.
go.jp/shingikai/santeii/pdf/023_01_00.pdf (accessed on 7 February 2022). (In Japanese)

Procurement Price Calculation Committee, the 20th meeting of the FY2015, Document No.1. Available online: https:/ /www.meti.
go.jp/shingikai/santeii/pdf/020_01_00.pdf (accessed on 7 February 2022). (In Japanese)

Kimura, K. Solar Power Generation, Japanese Market Is Stable, but Costs Are Declining. Available online: https://www.
renewable-ei.org/activities /column/REupdate/20210705.php (accessed on 7 February 2022). (In Japanese)

Japan Society of Industrial Machinery Manufacturers (JSIM). Research Report on the Wind Power Generation Related Equipment
Industry; Japan Society of Industrial Machinery Manufacturers: Tokyo, Japan, 2017. (In Japanese)

IEA. IEA Wind TCP Annual Report 2015. Available online: https:/ /ore.catapult.org.uk /wp-content/uploads/2018/02/2015
_IEA_Wind_TCP_Annual_Report.pdf (accessed on 7 February 2022).


https://www.cas.go.jp/jp/seisaku/npu/policy09/archive02_hokoku.html
https://www.meti.go.jp/shingikai/santeii/pdf/report_005_01_00.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/report_005_01_00.pdf
http://doi.org/10.11107/papaios.27.1_90
https://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/6th_outline.pdf
https://www.enecho.meti.go.jp/en/category/others/basic_plan/pdf/6th_outline.pdf
https://www.waseda.jp/prj-rieem/dp/dp2103.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/024_01_00.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/024_01_00.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/023_01_00.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/023_01_00.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/020_01_00.pdf
https://www.meti.go.jp/shingikai/santeii/pdf/020_01_00.pdf
https://www.renewable-ei.org/activities/column/REupdate/20210705.php
https://www.renewable-ei.org/activities/column/REupdate/20210705.php
https://ore.catapult.org.uk/wp-content/uploads/2018/02/2015_IEA_Wind_TCP_Annual_Report.pdf
https://ore.catapult.org.uk/wp-content/uploads/2018/02/2015_IEA_Wind_TCP_Annual_Report.pdf

	Introduction 
	Literature Review on the Method 
	Model 
	Data 
	Results and Discussion 
	Impact of Raising the TGWC in the PCT on Prices 
	Impact of Changes to the Main Tax Rate on the PCT on Prices 
	Contribution of Renewable Energy Power Generation to Curb Price Increases Due to Energy-Related Taxes 

	Conclusions 
	Appendix A
	Power Transmission and Distribution Sectors 
	Private Power Generation Sector 
	Domestic Demand of the Power-Generation Equipment/Facility Construction Sector 
	Domestic Demand of the Commercial Power-Generation Sector 
	Input Coefficient Vector of the Power-Generation Equipment/Facility Construction Sector 
	Input Coefficient Vector of the Power-Generation Equipment/Facility Construction Sector 

	References

